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ABSTRACT 

A small gene ra l  purpose d i g i t a l  computer (HP-2115A) is  
t o  be used i n  a l abora tory  environment f o r  the monitoring, 
c a l i b r a t i o n ,  and checkout of a sa te l l i t e  experiment pack- 
age. T e s t  r e s u l t s  are t o  be presented v i a  p r i n t o u t  and 
graphics  (Calcomp Model 565 p l o t t e r ) .  

The e x i s t i n g  real-time graphics  system c o n s i s t s  of a 
s m a l l  general-purpose computer and an incremental  X-Y 
p l o t t e r ,  w i t h  an appropr ia te  software and hardware 
interface.  A new i n t e r f a c e  has been designed t o  pro- 
v ide  f o r  the a d d i t i o n  of a s to rage  osc i l l o scope  d i sp lay  
t o  t h i s  system. 

It is  shown t h a t  scope w r i t i n g  using unresolved d o t s  
i s  ope ra t iona l ly  equiva len t  t o  p l o t t e r  wr i t i ng  using 
incremental  s t eps .  Funct ional  g raph ica l  equivalence 
of the  two  devices is then e s t ab l i shed  through the  use 
of adapted p l o t t e r  software for t h e  ope ra t ion  of either 
device. 
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Chapter 1 

INTRODUCTION 

The use of a small general-purpose digital computer 

as a participating analytical component in a laboratory 

environment is becoming increasingly popular and pro- 

ductive. With appropriate interfaces, consisting of in- 

put/output hardware and software, the computer can rapid- 

ly and accurately monitor data from a wide variety of 

instruments or generate digitally coded signals for in- 

put to other information-handling devices or test instru- 

ments. In most cases, the computer accepts data from 

external sources, processes them, and conveys the results 

in coded form to other devices which frequently display 

the information for inspection by a human user. 

This thesis will deal with the graphical display 

capabilities of such a real-time system for preflight 

testing of a satellite-borne plasma instrument. All 

graphical display is presently done using an X-Y drum 

plotter which is interfaced with the computer using 

standard software and hardware. (See Figure 1.) 
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Figure 1. 

B l a c k  diagram of t h e  e x i s t i n g  graphics  system. The 
do t t ed  l i n e  r ep resen t s  t h e  boundary of the  computer. 
The r ec t ang le s  r ep resen t  ei ther sof tware o r  hardware 
modules.  NUMBER, SYMBOL, and PLOT are s tandard Cal- 
comp graphics  rou t ines .  The p l o t t e r  i n s t r u c t i o n  buf- 
fer  i s  a contiguous area i n  core memory. S ing le  ar- 
r o w s  r ep resen t  subrout ine cal ls  o r  t r a n s f e r  of control.  
Double arrows i n d i c a t e  flow of p l o t t e r  commands. The 
system is  descr ibed i n  more d e t a i l  i n  Chapter 3 .  
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To g a i n  considerably g r e a t e r  d i s p l a y  speed an 

b i l i t y  a t  reasonable  cost, t h e  use r s  of  t h i s  

have decided t o  add a s to rage  osc i l l o scope  ( ' I  

t o  t h e  system. 

An i n t e r f a c e  f o r  t h e  scope w i l l  be proposed i n  

t h i s  t h e s i s .  The o v e r a l l  o b j e c t i v e s  of  t h e  i n t e r f a c e  

design are: (1) t o  provide t h e  same g raph ica l  func- 

t i o n s  as the p l o t t e r  does p re sen t ly ,  ( 2 )  t o  ease imple- 

mentation by minimizing modif icat ions t o  t h e  e x i s t i n g  

system and making add i t ions  conceptual ly  simple, ( 3 )  t o  

keep core-s torage requirements low, and ( 4 )  t o  take  

d e f i n i t e  advantage of t h e  speed of the  scope re la t ive 

t o  t h a t  of p l o t t e r .  

Towards t h e s e  ends,  t h e  thesis work w a s  d ivided 

i n t o  s e v e r a l  p a r t s .  Chapter 2 conta ins  a comparison of 

t h e  ope ra t ing  c h a r a c t e r i s t i c s  of t h e  t w o  g raph ica l  d i s -  

play devices. I n  Chapter 3 ,  t h e  ope ra t ion  of t h e  p lo t -  

ter i n t e r f a c e  i s  descr ibed  and r e l e v a n t  f e a t u r e s  of t h e  

computer ou tput  system are presented. The o b j e c t i v e s  

of t h e  new i n t e r f a c e  and t h e i r  p r a c t i c a l  consequences 

are made s p e c i f i c  i n  Chapter 4 .  Chapter 5 conta ins  t h e  

a c t u a l  i n t e r f a c e  proposal,  followed by conclusions and 
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comments in the last chapter. The appendices contain 

details of the existing and proposed systems which 

will be useful to a programmer involved in implementing 

the proposed system. 

A Hewlett-Packard 2115A general-purpose computer 

( 3 )  is used in these systems. For brevity and a cer- 

tain amount of generality, details of its operation are 

included in this thesis only where necessary. 
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Chapter 2 

COMPARISON O F  PLOTTER 

AND 

STORAGE OSCILLOSCOPE CHARACTERISTICS 

The P l o t t e r  

The Calcomp p l o t t e r  (1) i s  an electromechanical 

device c o n s i s t i n g  p r i n c i p a l l y  of i npu t  e l e c t r o n i c s ,  

incremental  motors, d r i v e  system con t ro l s ,  a pen, and 

a drum over which runs a r o l l  of paper. 

moved across t h e  drum i n  t h e  "Y-direction", while t h e  

drum can be r o t a t e d  t o  e f f e c t i v e l y  create pen motion 

( r e l a t i v e  t o  the  paper) i n  the  "X-direction". T h e  

Y-axis i s  l i m i t e d  t o  1 0  inches by t h e  drum length  ( i .e.  

t h e  "height"  of t h e  drum c y l i n d e r ) .  The X-axis can be 

The pen can be 

as long as t h e  r o l l  of paper used. The pen may be 

r a i s e d  from t h e  drum or  lowered t o  the  drum su r face  

under e l e c t r o n i c  con t ro l .  

There are t e n  s p e c i f i c  p l o t t e r  movements. Two of 

them are r a i s i n g  and lowering t h e  pen. Two more are 

0.01-in. movements of  t h e  pen i n  e i t h e r  d i r e c t i o n  along 

t h e  Y-axis. The drum r o t a t e s  incremental ly ,  i t s  t w o  
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s p e c i f i c  movements r e s u l t i n g  i n  0.01-in. pen d isp lace-  

ments i n  e i t h e r  d i r e c t i o n  along t h e  X-axis. Simulta- 

neous pen and drum movements w i l l  produce fou r  o t h e r  

poss ib l e  vec to r  movements, along t h e  diagonal  i n  each 

quadrant.  Lowering t h e  pen r equ i r e s  60 m s  f o r  comple- 

t i on .  The o t h e r  n ine  movements r equ i r e  3 . 3  m s .  Each 

p l o t t e r  movement i s  i n i t i a t e d  by a unique s i x - b i t  d i g i -  

t a l  i n p u t  o r  command t o  t h e  p l o t t e r  e l e c t r o n i c s .  More 

d e t a i l s  of p l o t t e r  system ope ra t ion  w i l l  be found i n  

Chapter 3 .  

The s to rage  Osci l loscope 

The Tektronix 6 1 1  Storage Display Unit ( 2 )  i s  a 

device i n  which an e l e c t r o n  beam e x c i t e s  a phosphor- 

coated screen ,  producing a v i s i b l e  s p o t  c a l l e d  t h e  

trace. Under c e r t a i n  condi t ions an e l e c t r o n i c  process  

maintains  a v i s i b l e  d o t  on the  screen  a f t e r  t h e  trace 

has moved elsewhere. This i s  t h e  s to rage  c a p a b i l i t y  

of t h e  device.  Since t h e  scope i s  an e l e c t r o n i c  device,  

it i s  much f a s t e r  than  the  p l o t t e r  and comparable t o  

t he  computer i n  speed. 
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The scope r equ i r e s  analog vol tages  as inpu t s  t o  

h o r i z o n t a l  and v e r t i c a l  d e f l e c t i o n  c i r c u i t s .  These 

inpu t s  are c a l l e d  t h e  X-axis and Y-axis inpu t s ,  respec- 

t i v e l y .  The scope a l s o  has a Z-axis i n p u t  which makes 

t h e  trace v i s i b l e  (unblanked) o r  i n v i s i b l e  (blanked) .  

If t h i s  i npu t  i s  he ld  above a c e r t a i n  vol tage  ( t o  

unblank t h e  trace) and t h e  X-axis and Y-axis i npu t s  

remain a t  the  same vol tage  f o r  a t  l e a s t  2Ops, a v i s i b l e  

d o t  i s  maintained ( s t o r e d )  a t  t h e  l o c a t i o n  of t h e  t r a c e .  

This i s  how t h e  scope " w r i t e s " .  

Four o t h e r  d i g i t a l  scope inpu t s  c o n t r o l  s p e c i a l  

f e a t u r e s  of scope opera t ion .  T h e  v i e w  i n p u t  i n t e n s i f i e s  -- 
s to red  information on t h e  scope screen.  The non-store 

i n p u t  allows the scope t o  func t ion  as a normal o s c i l l o -  

scope, without  s to rage  c a p a b i l i t y .  The e r a s e  inpu t  

d e l e t e s  a l l  previously s t o r e d  information from the  screen .  

The write-through f e a t u r e  allows t h e  trace t o  be v i s i b l e  

without  s t o r i n g  any new information o r  a f f e c t i n g  s t o r e d  

information. 

Line-Drawing Techniques 

The f i r s t  two o b j e c t i v e s  of t h e  i n t e r f a c e  are t o  

create func t iona l  equivalence between scope and p l o t t e r  
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graphics  and t o  s impl i fy  changes t o  the e x i s t i n g  system, 

A f i r s t  s t e p  towards r e a l i z i n g  these o b j e c t i v e s  would 

be t o  make t h e  line-drawing technique of the scope ana- 

logous t o  t h a t  of t h e  p l o t t e r .  On t h e  p l o t t e r ,  sequen- 

ces of small  s t r a i g h t  l i n e  segments can be used t o  ap- 

proximate any des i r ed  l i n e .  On the  scope, because of  

t h e  f i n i t e  s i z e  of a s t o r e d  d o t ,  it i s  poss ib l e  t o  form 

a l i n e  from a series of unresolved dots .  These two 

techniques a r e  i l l u s t r a t e d  i n  F igure  2 .  

The increment of pen o r  drum movement by t h e  p lo t -  

ter i s  0 . 0 1  i n .  For t h e  scope, t h e  manufacturer claims 

r e s o l u t i o n  of up t o  50 l i n e  p a i r s  per  inch,  i .e. two 

l i n e s  (or  dots1 must be 0 . 0 2  i n .  a p a r t  t o  be s e p a r a t e  

and d i s t i n c t .  I f  t h e  increment of ho r i zon ta l  and v e r t i -  

cal  trace mwement on t h e  scope i s  made 0 . 0 1  i n . ,  then 

t w o  ad jacen t  (along an a x i s  o r  diagonal ly)  d o t s  w i l l  be 

unresolved. The scope d i s p l a y  s i z e  i s  8.2 i n .  ( v e r t i -  

cal)  and 6.4 i n .  (ho r i zon ta l ) .  I f  d ig i ta l - to-ana log  

(D/A) conver te rs  provide t h e  X-axis and Y-axis vo l tages ,  

then t h e  D/A i npu t s  should b e  t e n  b i t s  t o  o b t a i n  t h e  

d e s i r e d  increment s i z e .  
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Figure 2 .  

Line-drawing techniques on t h e  p l o t t e r  and t h e  scope. 
Diagram (a) i s  a g r e a t l y  enlarged i l l u s t r a t i o n  of an 
approximation t o  a s t r a i g h t  l i n e  drawn by the  e x i s t i n g  
system using incremental  p l o t t e r  commands. Diagram (b) 
shows an  approximation t o  t h e  same s t r a i g h t  l i n e  drawn 
by a new system using unresolved do t s  on a s to rage  scope 
screen.  The rec tangular  boundaries are marked i n  u n i t s  
of 0 . 0 1  i n .  
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Speed 

The p l o t t e r  can execute  a maximum o f  300 comman 

per second. It moves incremental ly  whether the pen is  

up (not  w r i t i n g )  o r  down (wr i t i ng ) .  On t h e  o t h e r  hand, 

wr i t i ng  on the scope i s  l i m i t e d  i n  speed by t h e  f a c t  

t h a t  t h e  trace must remain unblanked a t  a given l o c a t i o n  

f o r  a c e r t a i n  minimum t i m e  ( 2 0 ~ s )  i n  order  t o  genera te  

a s t o r e d  dot .  When not  wr i t i ng ,  t he  scope t r a c e  may 

move as f a s t  as t h e  scope d e f l e c t i o n  e l e c t r o n i c s  allows, 

The s p e c i f i e d  s e t t l i n g  time f o r  t r a c e  movement wi th in  

one d o t  diameter of t h e  f i n a l  p o s i t i o n  i s  3.5us/cm + 5 ~ s .  

Thus t he  scope i s  f a s t e r  than t h e  p l o t t e r  by two 

orders  of magnitude f o r  w r i t i n g  opera t ions  and by t h r e e  

o rde r s  of magnitude f o r  nonwriting opera t ions .  
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Chapter 3 

THE E X I S T I N G  INTERFACE BETWEEN PLOTTER 

AND 

COMPUTER 

I n  Chapter 2 ,  a poss ib l e  approach t o  t h e  func t iona l  

equivalence of scope and p l o t t e r  graphics  was suggested. 

I n  t h e  new system, t h i s  equivalence must be a t t a i n e d  n o t  

only a t  t h e  l e v e l  of device opera t ion  but  a l s o  through 

computer and i n t e r f a c e  behavior. The  f i rs t  s t e p  towards 

t h e  design of t h e  new system i s  a study of t h e  computer 

and of t h e  e x i s t i n g  p l o t t e r  i n t e r f a c e .  T h i s  s tudy,  i n  

t h e  l i g h t  of t h e  comparison of scope and p l o t t e r  charac- 

teristics, should provide u s e f u l  ideas f o r  t h e  new i n t e r -  

f a c e  and i t s  r e l a t i o n  t o  t h e  old.  

P l o t t e r  Graphical C a p a b i l i t i e s  

Each of  t h e  t e n  p l o t t e r  commands descr ibed previously 

corresponds t o  some elementary ac t ion .  However, t h e  u s e r  

of t h e  p l o t t e r  graphics  system gene ra l ly  does no t  want 

t o  spec i fy  each command necessary t o  c o n s t r u c t  any l i n e  

o r  cha rac t e r .  H e  should be able t o  make reques ts  i n  terms 



of t h e  coord ina tes  of p o i n t s ,  l i n e s  between any two 

po in t s ,  and cha rac t e r s  o r  c h a r a c t e r  s t r i n g s  t o  be drawn. 

The func t ion  of t h e  t h r e e  sof tware  rou t ines  (PLOT, SYMBOL, 

and NUMBER) i n  Figure 1 i s  t o  t ake  such user-or iented 

r eques t s  and break them down i n t o  sequences of  p l o t t e r  

commands. 

The key sof tware r o u t i n e  i s  PLOT. I ts  arguments 

spec i fy  t h e  X and Y coordinates  of t h e  p o i n t  t o  which 

t h e  pen i s  t o  be moved, e i t h e r  i n  t h e  up o r  down posi-  

t i o n ,  and whether t h e  new p o i n t  i s  t o  be considered as 

t h e  o r i g i n  f o r  subsequent pen opera t ions  (otherwise 

t h e  e x i s t i n g  frame of re ference  cont inues t o  be used). 

PLOT genera tes  t h e  appropr i a t e  sequence of p l o t t e r  com- 

mands t o  move t h e  pen i n  approximately a s t r a i g h t  l i n e  

t o  t h e  new coord ina te  loca t ion .  It i s  important t o  

. recal l  t h a t  t h e  pen a c t u a l l y  changes l o c a t i o n  by a series 

of incremental  s t e p s  whether w r i t i n g  or not .  

1 A S C I I  codes and some s p e c i a l  cha rac t e r  codes are 

related t o  sequences of s t r a i g h t  l i n e  segments through 

1 American Standards Code f o r  Information Interchange 
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extens ive  t a b l e s  contained i n  t h e  SYMBOL rou t ine .  To 

draw t h e  des i r ed  c h a r c t e r s ,  SYMBOL cal ls  PLOT once for  

each of  t h e  s t r a i g h t  l i n e  segments. The NUMBER rou t ine  

converts  f loa t ing-poin t  numbers i n t o  ASCII-coded charac- 

ter s t r i n g s ,  w i th  op t iona l  s igns  and decimal po in t ,  then 

calls  SYMBOL t o  draw t h e  numerical symbols. I n  both of 

t h e s e  rou t ines  t h e  s i z e  of the  cha rac t e r s  and t h e  angle  

and s t a r t i n g - p o i n t  of the r e s u l t i n g  p r i n t  a r e  s p e c i f i e d  

by t h e  u s e r .  

Operat ional  C h a r a c t e r i s t i c s  

Once a u s e r ' s  g raph ica l  r eques t  has been reduced 

t o  ind iv idua l  p l o t t e r  commands, these commands must be 

presented t o  t h e  p l o t t e r .  Since t h e  computer can gene- 

rate i n s t r u c t i o n s  much f a s t e r  than t h e  p l o t t e r  can use 

them, an output  b u f f e r  i s  a p r a c t i c a l  necess i ty .  I n  

conjunction wi th  the computer i n t e r r u p t  system, t h e  

bu f fe r ing  scheme w i l l  al low the computer t o  perform o t h e r  

computations rather than wai t ing  i d l y  f o r  the p l o t t e r  

to act on a command. For in s t ance ,  i f  the p l o t t e r  has  

j u s t  received a command, t h e  computer sets the  p l o t t e r  

" con t ro l  b i t "  and c l e a r s  t h e  " f l a g  b i t " .  (See Figure 3 . )  

The computer can continue t o  another  se t  of i n s t r u c t i o n s .  
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Simplif ied l o g i c  diagram f o r  e x i s t i n g  p l o t t e r  i n t e r f a c e  
hardware. 
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A f t e r  3 . 3  m s  (or longer  f o r  a ILpen down" command), during 

which t h e  computer has gone through 1650 t iming cyc les  

(on t h e  o rde r  of 1 0 0 0  t y p i c a l  i n s t r u c t i o n s ) ,  t h e  p l o t t e r  

f l a g  b i t  is set  by t h e  i n t e r f a c e  and an i n t e r r u p t  occurs.  

The i n t e r r u p t  s tops  execut ion of the  p re sen t  program 

on the computer and t r a n s f e r s  c o n t r o l  t o  a reserved lo- 

c a t i o n  ( t h e  " i n t e r r u p t  l o c a t i o n " ) .  An i n s t r u c t i o n  a t  t h a t  

l o c a t i o n  should t r a n s f e r  c o n t r o l  t o  t h e  cont inua tor  sec- 

t i o n  e n t r y  po in t  of t he  1/0 d r i v e r  rou t ine  (see Appendix A ) .  

This r o u t i n e  removes the  next  command from t h e  bu f fe r  and 

g ives  it t o  t h e  p l o t t e r  i n t e r f a c e .  The f l a g  b i t  i s  c l ea red  

t o  ready t h e  i n t e r r u p t  system again,  and then c o n t r o l  re- 

t u r n s  t o  the i n t e r r u p t e d  program. A command has j u s t  been 

received by the  p l o t t e r ;  t h e  system i s  back where it started.  

To s t a r t  the above cyc le ,  PLOT s t o r e s  p l o t t e r  commands 

i n  a bu f fe r  i n  co re  memory. When PLOT has completed the  

breakdown of a requested "move", o r  when it has f i l l e d  the  

b u f f e r ,  it makes an output  ( w r i t e )  r eques t  t o  t h e  1/0 c o n t r o l  

system rou t ine ,  spec i fy ing  the uni t - re ference  number of t he  

p l o t t e r  along wi th  the bu f fe r  s i z e  and loca t ion .  

r e fe rence  number determines t h e  equipment t a b l e  e n t r y  

The u n i t  

address for the p l o t t e r .  (The equipment t a b l e  i s  p a r t  of 
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The system software containing information about a l l  I / O  

faci l i t ies  used by a given system,) H e r e  t h e  1/0 con t ro l  

program f i n d s  t h e  address of  the 1/0 d r i v e r  i n i t i a t o r  

s e c t i o n  and t h e  channel number of t h e  p l o t t e r .  Control  

is  t r a n s f e r r e d  t o  t h e  d r i v e r ,  which i n i t i a l i z e s  b u f f e r  

po in t e r s ,  ou tput  channel number, and o t h e r  ou tput  book- 

keeping. Then t h e  d r i v e r  g ives  t h e  p l o t t e r  i t s  f i rs t  

command through t h e  ou tpu t  hardware and sets t h e  i n t e r r u p t  

system as descr ibed  above. The p l o t t e r  has j u s t  received 

a command, so t h e  i n t e r r u p t  cyc le  has s t a r t e d  again.  

The cyc le  ends when the b u f f e r  i s  empty. I f  PLOT 

had f i n i s h e d  breaking down i t s  o r i g i n a l  reques t ,  then 

while  t h e  b u f f e r  w a s  being emptied o t h e r  computations may 

have been performed. However, new c a l l s  t o  PLOT are no t  

acknowledged u n t i l  t h e  b u f f e r  i s  empty. I f  PLOT had n o t  

f i n i s h e d  i t s  o r i g i n a l  r eques t  because the  b u f f e r  became 

f u l l ,  con t ro l  remained i n  a small  loop wi th in  PLOT wai t ing 

f o r  t h e  b u f f e r  t o  empty. 
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Chapter 4 

STORAGE OSCILLOSCOPE INTERFACE D E S I G N  CONSIDERATIONS 

Restatement of Object ives  

The o b j e c t i v e s  of t h e  new system are: 

1. To g ive  t h e  scope t h e  same func t iona l  

g raph ica l  c a p a b i l i t i e s  as t h e  p l o t t e r ;  

2. To develop o p e r a t i o n a l  analogies  be- 

tween scope and p l o t t e r  func t ions  a s  

suggested i n  Chapter 2. 

3 .  To use common software wherever pos- 

s i b l e ,  as might f o l l o w  from (l), and 

(2) thereby s impl i fy ing  implementa- 

t i o n  of t h e  new system and reducing 

core s to rage  requirements; 

4. To t ake  advantage of  the wri t ing  speed 

of t h e  scope; 
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5. To t a k e  advantage of t h e  p o t e n t i a l  

speed of movement of t h e  scope trace 

when n o t  wr i t i ng ;  

6 .  To design simple i n t e r f a c e  hardware f o r  

optimal i n t e r a c t i o n  wi th  e x i s t i n g  com- 

p u t e r  hardware and sof tware output  

f a c i l i t i e s .  

Software 

It has been shown t h a t  an approximation t o  any s t r a i g h t  

l i n e  segment may be produced on t h e  scope by t h e  appro- 

p r i a t e  series of dots .  By analogy with t h e  p l o t t e r  sys- 

t e m ,  t h e  scape sof tware should have a basic r o u t i n e  for  

decomposing users '  s t r a i g h t - l i n e  reques ts  i n t o  sequences 

of  ou tpu t  commands t o  t h e  scope i n t e r f a c e .  To he lp  s a t i s f y  

t h e  f i rs t  t h r e e  ob jec t ives ,  t h e  e x i s t i n g  SYMBOL and NUMBER 

r o u t i n e s  may be used unchanged i n  t h e  new system. 

use r ,  both d i r e c t l y  and i n d i r e c t l y  through SYMBOL and 

NUMBER, w i l l  ca l l  a new PLOT rou t ine  which must be able 

t o  break down s t r a i g h t - l i n e  reques ts  i n t o  either p l o t t e r  

o r  scope commands. 

The  
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I n  r e a l i z i n g  t h e  f irst  f i v e  genera l  ob jec t ives ,  

s e v e r a l  p a r t i c u l a r  cons idera t ions  must be made. F i r s t ,  

PLOT should d i s t i n g u i s h  between p l o t t e r  and scope opera- 

t i o n  i n  such a way t h a t  calls  t o  PLOT are made j u s t  a s  

they are i n  t h e  p re sen t  system, i , e .  w i t h  t h e  same number 

and i n t e r p r e t a t i o n  of arguments. Thus no changes need 

be made i n  e x i s t i n g  programs t h a t  use only t h e  p l o t t e r .  

Second, i n  scope opera t ion ,  PLOT must respond d i f f e r e n t l y  

t o  w r i t i n g  and nonwriting r eques t s .  Because of  the  g r e a t  

speed of trace d e f l e c t i o n  when n o t  wr i t i ng ,  t h e  sof tware 

should p lace  new coord ina te  va lues  i n  t h e  X and Y scope 

inpu t  r e g i s t e r s  as quickly as poss ib l e .  I n  d o t  wr i t i ng  

opera t ions ,  t h e  registers w i l l  be updated by a new com- 

mand a t  most every 20~s. Third,  s i n c e  scope and p l o t t e r  

reques ts  may be intermingled i n  t i m e ,  c u r r e n t  pen ( p l o t t e r )  

and trace (scope) l o c a t i o n  coordinates  and s t a t u s  i n f o r -  

mation must be maintained i n  sepa ra t e  memory loca t ions .  

Closely r e l a t e d  t o  t h i s  i s s u e  i s  t h e  d e f i n i t i o n  of the  

o r i g i n s  of t h e  coordinate  systems. Ultimate p l o t t e r  com- 

mands are incremental;  any p l o t t e r  coord ina te  system must 

be maintained by software.  On t h e  o t h e r  hand scope trace 

coordinates  are maintained in '  t h e  D/A converter  i n p u t  

r e g i s t e r s ,  and merely recorded by t h e  software.  There 
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i s  one " f ixed"  coord ina te  system f o r  t h e  scope, un l ike  

t h e  p l o t t e r .  

The p l o t t e r  can accept  new s i x - b i t  commands every 

3 . 3  m s  except  f o r  a "pen-down" command which r equ i r e s  

60 m s ,  The computer can genera te  p l o t t e r  commands 

approximately one hundred t i m e s  f a s t e r .  Therefore,  t h e  

p l o t t e r  sof tware p laces  commands i n  a buf fer :  t h e n  when- 

ever  t h e  p l o t t e r  i s  ready an i n t e r r u p t  occurs ,  t rans-  

f e r r i n g  con t ro l  t o  an output  d r i v e r  which outputs  t h e  

next  command i n  t h e  bu f fe r  t o  t h e  p l o t t e r  i n t e r f a c e  and 

a c t i v a t e s  t he  p l o t t e r .  O n  t h e  o t h e r  hand, t h e  scope 

w r i t e s  a d o t  i n  2011s and r equ i r e s  -at m o s t  100~1s t o  move 

t h e  t r a c e  when n o t  wr i t i ng .  Since t h e  computer takes  

approximately 50vs t o  prepare any new command coordinates  

f 9 r  ou tpu t  t o  t h e  scope i n t e r f a c e ,  the need f o r  buf fer ing ,  

i n t e r r u p t s ,  and an output  d r i v e r  i s  obviated.  I t  would 

be was tefu l  t o  p u t  commands i n  a bu f fe r  while t he  scope 

i s  i d l e  and then i n t e r r u p t  subsequent programs every t e n  

machine cyc les  f o r  ou tput  t o  t h e  scope. 
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Hardware 

The purpose of t h e  hardware f o r  the  scope i n t e r f a c e  

i s  t o  t r a n s f e r  commands from t h e  computer ou tput  hard- 

ware t o  t h e  scope inpu t  te rmina ls  i n  such a way t h a t  they 

w i l l  r e s u l t  i n  proper d i s p l a y  on the scope. 

t a n t  are t h e  t e n - b i t  r e g i s t e r s  providing i n p u t  f o r  t h e  

D/A conver te rs ,  which i n  t u r n  provide i n p u t  vo l tages  t o  

t h e  X-axis and Y-axis scope inpu t s .  These r e g i s t e r s  hold 

the c u r r e n t  coord ina te  va lues  a t  a l l  t i m e s .  I t  w i l l  a l s o  

be remembered t h a t  t h e  p l o t t e r  i n t e r f a c e  hardware handled 

t h e  t iming of p l o t t e r  commands and i n t e r r u p t s .  The 

p r i n c i p a l  des ign  dec i s ions  f o r  the  scope i n t e r f a c e  hard- 

ware are how t o  handle t iming without  i n t e r r u p t s  and 

what information t o  t r a n s f e r  from the two 16-b i t  computer 

accumulators provided with ou tpu t  c a p a b i l i t y  t o  t h e  D/A 

i npu t  r e g i s t e r s .  Timing  i s  discussed i n  Chapter 5. A l s o  

t o  be considered are s e v e r a l  d i g i t a l  con t ro l  i npu t s  t o  

the  scope. The f i n a l  hardware design w i l l  a f f e c t  s o f t -  

ware output  i n s t r u c t i o n  formats.  

Most impor- 

Three approaches w e r e  considered f o r  the c o n t e n t ' o f  

t h e  computer ou tput  d a t a  which are t o  be presented t o  

t h e  i n t e r f a c e  hardware. The  f i rs t  involved incremental  

commands t o  t w o  up-down counters ,  used as t h e  D/A conver te r  
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i n p u t  r e g i s t e r s .  The second approach added t h e  poss ib i -  

l i t y  of mul t ip l e  increments p a r t i c u l a r l y  f o r  f a s t  in-  

crementing or  decrementing of t h e  up-down counters  while 

t h e  scope i s  no t  wr i t i ng .  The advantage of these  approaches 

i s  t h e  s m a l l  number of b i t s  needed as i n p u t  t o  t h e  up-down 

counters ,  and thus  t h e  small amount and s i m p l i c i t y  of t h e  

hardware needed, T h e  disadvantage of both i s  t h a t  t h e  

computer must c a l c u l a t e  incremental  commands f o r  t h e  non- 

w r i t i n g  r eques t s ,  t he re fo re ,  no t  tak ing  advantage of t h e  

Eas te r  scope trace movement. 

A t h i r d  approach i s  to  load the  coord ina tes  for 

each new command i n t o  a l l  t e n  b i t s  of each D/A i npu t  

r e g i s t e r ,  whether w r i t i n g  takes  p l ace  o r  not .  T h e  con- 

cep t  i s  simple and so i s  the hardware. The two coordinate  

va lues  would be kep t  i n  memory anyway. T h i s  approach i s  

used i n  t h e  f i n a l  design.  The one complication i s  t h a t  

more than  twenty b i t s  of  ou tput  are needed to  spec i fy  

t h e  coordinates  and scope funct ion;  one computer ou tput  

i n s t r u c t i o n  t r a n s f e r s  only 1 6  b i t s .  
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Chapter 5 

AN INTERFACE PROPOSAL 

The New PLOT Routine 

PLOT i s  t h e  only sof tware  r o u t i n e  t h a t  i s  changed 

f o r  t h e  new system. The choice between p l o t t e r  and scope 

opera t ion  i s  made by c a l l i n g  a new e n t r y  (CHOOZ) i n  t h e  

PLOT r o u t i n e .  The one argument passed by a c a l l  tQ GHOOZ 

determines whether subsequent calls  t o  PLOT w i l l  r e f e -  

rence t h e  p l o t t e r  o r  t h e  scope. Each device t h e r e f o r e  

opera tes  independently of t h e  o t h e r ,  and, i n  p a r t i c u l a r ,  

calls t o  PLOT f o r  p l o t t e r  opera t ion  a r e  exac t ly  t h e  same 

a s  they a r e  i n  t h e  e x i s t i n g  system. A d e t a i l e d  f lowchart  

of t h e  modif icat ions t o  t h e  PLOT rou t ine  may be found i n  

Appendix B .  

I f  scope opera t ion  has been s p e c i f i e d ,  then t h e  

modified PLOT r o u t i n e  carries o u t  t h r e e  procedures. 

F i r s t ,  c e r t a i n  b i t s  i n  s to rage  are set depending on which 

of t h e  scope func t ions  are t o  be used. Second, i f  t h e  

w r i t e  write-through, o r  - non-store scope func t ions  are 
- I  __c_ 

s p e c i f i e d  by t h e  t h i r d  argument of PLOT, the  sof tware 

decomposes the PLOT reques t  i n t o  ind iv idua l  d o t  w r i t i n g  

commands. The algorithm used i s  s i m i l a r  t o  t h e  one f o r  
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p l o t t e r  ope ra t ion  i n  t h e  e x i s t i n g  PLOT rou t ine .  

an approximation t o  a s t r a i g h t  l i n e  w i l l  be drawn from 

t h e  c u r r e n t  trace l o c a t i o n  t o  t h e  s p e c i f i e d  new loca t ion ,  

as described i n  more de t a i l  below. Third,  t h e  X and Y 

coordinates  of a new command are placed i n  t h e  two ac- 

cumulator r e g i s t e r s  of t h e  computer, The func t ion  b i t s  

a r e  merged i n t o  t h e  unused high-order b i t s  of t h e  accu- 

mulator conta in ing  the Y coordinate .  The high-order b i t s  

of t he  o t h e r  accumulator a r e  se t  t o  zero.  When the PLOT 

rou t ine  detects t h a t  t h e  f l a g  b i t  of t h e  i n t e r f a c e  hard- 

ware i s  set ,  t w o  ou tput  i n s t r u c t i o n s  are executed t o  g ive  

the  accumulator conten ts  t o  the  i n t e r f a c e  hardware. For 

Thus 

a w r i t e  o r  erase opera t ion ,  t h e  f l a g  b i t  then  i s  cleared. 

I n  those opera t ions  using the  second procedure de- 

scribed above, each dot w r i t i n g  command i s  t r a n s f e r r e d  

t o  the  i n t e r f a c e  hardware as soon as it i s  generated.  

That i s ,  t h e  second and t h i r d  procedures form a loop which 

i terates u n t i l  the requested l i n e  i s  completely drawn. 

Nonwrite and erase reques ts  s k i p  the  second procedure 

and perform the output  procedure only once before c o n t r o l  

r e t u r n s  t o  the program t h a t  called PLOT, 
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Storage Osci l loscope I n t e r f a c e  Hardware 

A computer ou tpu t  i n s t r u c t i o n  makes a v a i l a b l e  t o  

the  s p e c i f i e d  i n t e r f a c e  hardware the contents  of a 16-bit  

accumulator. Figure 4 shows the e s s e n t i a l  l o g i c  of t h e  

scope i n t e r f a c e  hardware. B i t s  0 t o  1 4  of the computer 

ou tput  a r e  used. The computer ou tput  i n s t r u c t i o n  a l s o  

provides t h e  IO0 timing s i g n a l ,  which s t r o b e s  b i t s  0 

t o  9 i n t o  one of t h e  D/A converter  i n p u t  r e g i s t e r s .  I f  

b i t  1 0  i s  set t o  zero,  t h e  X-coordinate i s  loaded; o ther -  

w i s e ,  the Y-coordinate. B i t s  11 through 1 4  con t ro l  t h e  

non-store, - erase, Z-axis, and write-through scope i n p u t s ,  

r e spec t ive ly .  

The new PLOT r o u t i n e  t r a n s f e r s  the X-coordinate 

with one ou tpu t  i n s t r u c t i o n  and the Y-coordinate and 

func t ion  c o n t r o l  b i t s  with another .  The X-coordinate 

must be t r a n s f e r r e d  first i n  t h e  scheme employed here. 

I f  b i t  1 0  i s  set to  zero, t h e  I O 0  timing s i g n a l  causes 

t h e  t r i g g e r i n g  of a 2 - p s  one-shot. T h e  t r a i l i n g  edge 

of t h i s  2-ps pu l se  sets t h e  f l a g  b i t .  When the  PLOT 

r o u t i n e  d e t e c t s  t h a t  t h e  f l a g  b i t  has been set ,  it t r ans -  

f e r s  the Y-coordinate, wi th  b i t  1 0  set t o  one and c o n t r o l  

func t ions  determined by b i t s  11 through 14. B i t s  11 

and 14 enable  t h e  - non-store .. and write-through scope 

inpu t s ,  r e spec t ive ly ,  f o r  3011s. B i t  11, 13 o r  14 
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1 0- 

TO SCOPE 

AND D/A * X - A X I S  
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ACC UNUL AT0  R - XEGISTER 
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ZONVERTE R INPUT 
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I O 0  
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(TIMING 

1 tl 
I 1  ONE-SHOT 

Y - A X I S  
INPUT 

NON- 
B I T  11 ' 30  LIS STORE 

ONE-SHOT 

ERASE so ms 
ONE-SHOT 

Z - A X I S  
INPUT 

MRITE- 
THROUGH 

,ONE-SHOT 30 LIS . CLF  UT^^ FLAG FF 

Figure 4 .  

Simplified logic diagram for proposed scope interface 
hardware. 
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triggers a 2-us delay one-shot, t o  allow f o r  s e t t l i n g  

of t h e  D/A conver te rs .  Af te r  t h i s  delay,  a 20-ps pu l se  

i s  s e n t  t o  t h e  Z-axis i n p u t  i n  order  t o  unblank t h e  

scope trace. I f  only b i t  13 i s  set ,  t h i s  r e s u l t s  i n  

s to rage  of a d o t  by t h e  scope. The t r a i l i n g  edge of 

t h e  2 0 - v ~  pulse  sets t h e  f l a g  b i t .  B i t  1 2  enables  t h e  

scope erase i n p u t  f o r  50 m s ,  and sets t h e  f l a g  b i t  a f t e r  

500 ms. 

I f  none of t h e  b i t s  11 t o  14 i s  set ,  a nonwriting 

command has been given. S i n c e  t h i s  w i l l  have been the 

only command given by a p a r t i c u l a r  ca l l  t o  PLOT, the  

trace w i l l  have s e t t l e d  i n  i t s  new p o s i t i o n  by t h e  t i m e  

PLOT can be reentered  and another  command issued.  
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Chapter 6 

SUMMARY AND CONCLUSIONS 

B y  e s t a b l i s h i n g  an analogy between scope and p l o t t e r  

w r i t i n g  techniques,  it has been poss ib l e  t o  adapt t h e  

design of t h e  p l o t t e r  i n t e r f a c e  sof tware f o r  use by t h e  

scope and t h e  p l o t t e r .  The new software conta ins  addi- 

t i o n a l  coding f o r  scope ope ra t ion ,  and r equ i r e s  approxi- 

mately t e n  percent  more s to rage  than t h e  p re sen t  sof tware.  

The new scope i n t e r f a c e  hardware i s  independent of t h e  

p l o t t e r  hardware, bu t  t h e  func t ion  and opera t ion  of the  two 

are similar. A l l  of t he  ob jeo t ives  of t h e  i n t e r f a c e  speci-  

f i e d  i n  Chapter 4 have e s s e n t i a l l y  been a t t a i n e d .  

Implementation of the proposed system w i l l  involve 

coding of t h e  algorithm presented i n  Appendix B and con- 

s t r u c t i o n  of t h e  i n t e r f a c e  hardware. It  i s  f e l t  t h a t  

t h i s  proposal p re sen t s  t h e  best p o s s i b l e  scope i n t e r f a c e  

using l i m i t e d  hardware and t h e  given w r i t i n g  technique, 

with t h e  p l o t t e r  remaining i n  t h e  system. 
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AE'PENDXX A 

DETAILS OF EXISTING PLOTTER SOFTWARE 

Figures A-1 and A-2 are detailed flowcharts of the 

algorithms used in the existing PLOT and 1/0 Driver 

routines of the Calcomp plotter graphics software. The 

flowcharts are derived from Assembler coding for 

the Hewlett-Packard 2 1 1 5 A  computer. The labels above 

some of the boxes are symbolic addresses to assist in 

cross-reference with the original coding. A l l  other 

symbolic names from the coding are underlined; those 

in the 1/0 Driver routine are explained there (in the 

flowchart itself) while those from the PLOT routine 

are listed and defined below: 

PADY - subroutine which searches for the plotter entry 
_I_ in the system equipment table and places the 

plotter select code in call sequences to the 
system I/O control routine (.10c.). 7 

PSTAT - subroutine which calls .1OC. to check plotter 
status; returns when plotter is available. 

- X, Y - requested final pen coordinates; first two 
arguments in call to PLOT. 

XPEN? YPEN - current pen doordinates in hundredths of -- inches. 
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I D X ,  I D Y  - 
_._I_ 

PREST 
I_ 

XYPMC, 
XPMC - 
I C  - 

I P  

XPLT 

A 

T R A  

Lc 

_I_ 

- 
- 

NC - 
NRI NT, 
NA 

PBUFI 

PXB 

PDATA 

L -  - 

7 

PWDO - 

number of incremental  commands along each 
a x i s  f o r  t h i s  reques t .  

subrout ine  which i n i t i a l i z e s  PBUFI t o  f u l l  
b u f f e r  length  ( n e g a t i v e ) ,  PXB t o  po in t  t o  
t o p  of b u f f e r ,  and PDATA ana-I?WDO t o  zero. 

four  b i t s  of p l o t t e r  commands needed t o  
cons t ruc t  combined (vec tor )  and one-axis, 
r e s p e c t i v e l y ,  incremental  commands f o r  
t h i s  reques t .  

s p e c i f i e s  pen up o r  down and whether new 
coord ina te  system o r i g i n  i s  requested;  t h i r d  
argument f o r  PLOT. 

abso lu t e  value of previous I C .  - 
intermediate s t o r a g e  used t o  load b u f f e r .  

denotes A-regis te r  (accumulator).  

opera t ion  counter:  -2means pen must be r a i s e d  
lowered before  incremental  commands; -1means 
incremental  commands only; Omeans f in i shed .  

number of incremental  moves y e t  t o  be broken 
down f o r  a p a r t i c u l a r  reques t .  

dummy v a r i a b l e s  used i n  t h e  a lgori thm t o  break 
down a reques t  i n t o  commands. 

unused-buf fer-word counter  (nega t ive)  . 
p o i n t s  t o  a c t i v e  b u f f e r  word. 

d a t a  f l ag :  0 means t h e  b u f f e r  is  f u l l  and 
output  has s t a r t e d ;  - 2  means the bu f fe r  i s  
no t  f u l l  bu t  t h e  reques t  is  f in i shed .  

number of words of b u f f e r  used f o r  commands 
dur ina  o r e s e n t  recruest. 
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I 
t 

I 

C W M R T  L SCALE 
CM)RDINAIZS TO 
HUNDREDTHS aF 
INCHLS 

t 
11x-x-m 
&N-X- 

t 

IDY - Y - YPEN 

Y E N - 1  

CALL 

F i g .  A-1. The e x i s t i n g  PLOT rou t ine .  
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INITIATOR SfCTIoN 
ENTRY POINT 

IFUNCTION COPE) 
FRW WTPUT 

PUCE 6-811 
PLOTTER INSTR 
I N  CHANNEL FOR 
PLOTTER INTERFACE 

i 
RESTORE A 6 B 
REGISTERS ~ 

ALSO M E N D  6 
OVERFLOW 8115 

I4 t 
SET CONTROL 
BIT AND C W R  
FLAG BIT 
ISTART PLOTTER1 

t,  
RETURN IO 
INTERRUPTED 
PROCRAM 

ICLEAR 

CLEAR B REGISTER 

IDEVICE OR 
ORlMR BUSV) 01 BUSY 

I 

A RtClSTtR I 
ILRROR F U C )  

f 
RFTURN 10 
PROGRAM T H A T  
MAM W T P U I  
RfOUEST 

PROCRAM THAI 
MADE WTPU7 

(ILLEGAL RfOUEST IOUTPUT 

A 
CALL TO S m l  
111 OBTAIN PLOTTER 

IZI MERGE CHANNEL 
CHANNEL I FR(M EAr 
I INTO If0 INSTR 
131 CALL TO S z l  

IRLADY TO 

STORE E l l  
ADDRESS IN .BUFR 
CALL S E Q U E N c r  

BUSY B I T  I N  tQT 

ADDRESS 
C g  - NEGATIVE 

CALL TO SUBQ 
INITIALIZE 
CONllNUATOR 

IDRIVER BUSY) 
CWR A REGISTER 

CALL 1.10 THEN 

PROGRAM THAT 
MADE WTPUT 

CONIJNUAIMI OR IMERRUPT 
ENTRY POINT 

REGISTERS AND 
&TEND AND 

PLOTTER INSTR 
AND SET JUMP 

PLOllER INSTR 
AND SET JUMP 

cm IWORD COUNT1 

INCREMENT C& 
IWORD TRANSFER 
COUNT1 

STORE C x l  I N  
E l l  AND CLEAR 
PLOITER BUSY 

D A G  - 0 
IDRIVER NOT I BUSY1 1 

PUCE ADDRESS 
C6 I.lO ENTRY 

CALL SEQUENCE 
(CLEAR 

PEN UPlDOWN 
CODES TO 
6-817 CODES 

Fig .  A-2. The p l o t t e r  1/0 Driver rou t ine .  
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APPENDIX B 

DETAILS O F  PROPOSED SOFTWARE MODIFICATION 

F i g u r e  B-1 i s  a d e t a i l e d  flowchart of t h e  proposed 

a d d i t i o n  t o  t h e  PLOT rou t ine .  For p l o t t e r  opera t ion ,  

SCOPE i s  set  t o  zero and t h e  f lowchart  cont inues as i n  

Appendix A ( ind ica t ed  by t h e  do t t ed  arrow and t h e  a s t e r i s k ) .  

A g lossary  of  symbolic names f o r  the  coding i s  suppl ied 

below: 

PADY, PSTAT, X, Y ,  XPEN, YPEN, PREST - See Appendix A. - - - - -  

I C  - as i n  Appendix A ,  bu t  with extended range of 
va lues  t o  r ep resen t  s p e c i a l  scope func t ions .  

- 
SCOPE - se t  by e n t r y  CHOOZ (see Chapter 5) t o  d i s t i n g u i s h  

between scope and p l o t t e r  opera t ion .  

CODE - conta ins  requested scope func t ion  b i t s  t o  be - 
merged i n t o  unused p a r t  of Y-coordinate output .  

XSCP , YSCP- c u r r e n t  t r a c e  coordinates .  

SDX, SDY - change i n  scope coordinates  f o r  c u r r e n t  reques t .  

SA, SC,  SR,  ST - correspond t o  NA, - - - -  NC, NR, N T  of Appendix A. 

- _ _ c  

CI- 

c- L - 
XCOM, YCOM- increments for  both coordinates  f o r  a combined 
__I -  (vector) command. 

XPRT, YPRT -increment (one i s  z e r o )  f o r  command t o  move -- along only one ax i s .  

! i t  B -denote A and B r e g i s t e r s  (accumulators).  
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CONVERT & SCALE 
ARGUMENTS TO 
HUNORfDTHS OF 
INCHES 

CALL P m  u 

r 
m- X 
m- P 

C A U  P m  

1 
I 

X P  - 4  
Y X P -  * 

t 

INTO E- MERGE CODE 

WTFW 4 
THEN CLEAR 
FUG BIT 

OUTPOT 5 
THEN CLEAR 
FUG 811 

4 
X-l_c.I 

RWRN 

Fig .  B-1. The proposed addition t o  t h e  PLOT rou t ine .  
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